The aim of the present investigation was to develop, validate and compare a spectrophotometric and a high performance liquid chromatography method for estimating canagliflozin in bulk and tablet dosage form. Spectrophotometry and high performance liquid chromatography were carried out using standard instrumental parameters, which were optimized. Both methods were validated in terms of linearity, accuracy, precision, robustness, ruggedness and stability according to the ICH guidelines. The optimized ratio of mobile phase in high performance liquid chromatography under low pressure gradient mode was 50:50 % v/v of acetonitrile:orthophosphoric acid (0.01 M), which provide a sharp peak with a short retention time of 4.732 minutes. In spectrophotometric analysis, methanol as a solvent gave adequate molar absorptivity at a λ max of 280 nm. Results indicated that both spectrophotometric and high performance liquid chromatography methods were linear, precise, accurate, rugged and robust with RSD values less than 2 % and percent recovery was within the standard limits (90-110 %). Both the methods were found to be statistically non-significant at 95 % confidence intervals (p<0.05) with respect to each other. The proposed methods were found to be highly effective and could be used for quantification of canagliflozin in bulk and a tablet formulations for routine analysis.
Research Paper
Gliflozins are the novel sodium glucose co-transporter (SGLT) type-II inhibitors, which prevent glucose absorption in proximal tubules of the kidneys leading to reduced plasma glucose levels and improved glycemic control [1] . These drugs have high target selectivity, low potential for causing hypoglycemia and have promising improvements in fast and post-prandial glucose levels (in contrast to other hypoglycemic drugs) [2] . There are several SGLT-II inhibitors from which canagliflozin (CFZ, fig. 1 ), the first in a new class of glucose lowering drugs, is already yielding promising data. CFZ inhibits SGLT-II protein in proximal convoluted tubules in the kidneys and provides an insulin-independent mechanism (kidney homeostasis) to lower blood glucose levels [3] . CFZ was approved by FDA in March 2013 and was marketed as Invokana® (100 mg, Janssen Pharmaceuticals) for twice a day dosage regimen.
High performance liquid chromatography (HPLC) analysis is widely implemented for quality control purposes due to high sensitivity, specificity and precise determination of analytes in various biological and analytical media [4] . On the other hand, spectrophotometric analysis is a simpler and inexpensive method of determining analytes in pharmaceutical
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formulations [5] . Liquid chromatographic methods have been widely employed for estimating drugs in various matrices. However, no spectrophotometric/HPLC method in combination has been reported for CFZ for analysis. An attempt was made to develop a UV and HPLC method for estimating CFZ in bulk and in tablets and both methods were validated as per ICH guidelines.
MATERIALS AND METHODS
Spectrophotometric studies were performed on a double beam UV spectrophotometer (Blue StarAu-2701) with spectral bandwidth of 2 nm and wavelength accuracy ±0.5 nm. The solvent used was methanol (100 % v/v) for preparing standard and serial dilutions of CFZ bulk form. The samples were placed in 1 cm quartz cells and absorbance was analysed using Systronics software. HPLC analysis was carried out using a reversed-phase column-based ultra-high performance liquid chromatographic method (Nexera X2, Shimadzu Asia Pacific Limited, Japan). The LC-30 AD system consisted of Shimadzu LC 20 AT pump containing Rheodyne 7725 injector with fixed loop at 20 μl having SIL-30 AC auto sampling configuration. The U-HPLC was equipped with C-18; 4.6 mm×150 mm; 5 µm analytical column (L-2013, Hitachi) and column oven was saturated with optimum temperature of 42°. The isocratic mode containing mobile phases (acetonitrile and orthophosphoric acid, 0.01 M) used at different concentrations were run at a constant flow rate of 0.9 ml/min to determine the optimized ratio for analysis. The prepared mobile phases were sonicated (Ultra Cleaner, Labpro International, India) and filtered with 0.22 µm filter membrane (Millipore, India) prior to analysis. The detection was done by the SPD-M 20A photodiode array detector. The data processing and acquisition was done on Lab Solutions System software (version 3.1.05.9).
For UV spectrophotometry, working standard (primary stock) of concentration 1000 µg/ml was prepared by adding 10 mg of CFZ in 10 ml of methanol. An appropriate dilution (secondary stock) was made to obtain a working standard of 100 µg/ml and was scanned in the range of 200-600 nm to ascertain its λ max . Gradual replicates were prepared from this stock solution to prepare 5-50 µg/ml linear range, filtered using 0.45 µm filter membrane and quantified spectrophometrically at observed λ max of the drug. For HPLC, working standard of 1000 µg/ml was prepared by dissolving 10 mg of CFZ in 10 ml HPLC grade acetonitrile.
Gradual injections were prepared in ranges from 2-40 µg/ml at room temperature and were quantified by HPLC at observed λ max of the drug. Quality control samples were run with each batch of working standards in order to validate the entire method.
The calibration curve was generated using different concentrations in linear progression, a 5-50 µg/ml range for UV and 2-40 µg/ml for HPLC. The linearity was determined by linear regression analysis by auto zeroing the intercept at the vertices of slope. The acceptance criteria involved was that the correlation coefficient (r 2 ) should not be less that 0.990 according to least square method of analysis [5] . Accuracy is the percent amount of given analyte recovered from a known added amount. The methodology for both spectrophotometric and HPLC studies involves the preparation of concentration ranges at three different levels (80, 100 and 120 %) against a nominal set range of UV (30 µg/ml) and HPLC (20 µg/ml). After injection, percent recovery of each prepared concentration was determined. Samples were prepared for both methods in triplicate and assayed [6] . To ascertain the reproducibility of the proposed method, precision studies (intra and inter day) for spectrophotometric studies were carried out by preparing replicates of three different test concentrations (10, 20 and 30 µg/ml) at 100 % level and the drug amount was quantified for intraday and interday precision. For HPLC studies, four different drug concentrations (10, 20, 30 and 40 µg/ml) were analysed for intraday and interday precision [7] . Ruggedness defines the reproducibility of test results after giving variations in the laboratory test conditions like different analysts, different days and different reagents. For both spectrophotometric and HPLC studies, three replicates of different concentrations for two different analysts were prepared and analysed. The corresponding mean absorbance (UV) and peak area (HPLC) were noted and results were reported as % RSD with acceptable value of less than 2 [8] .
Robustness involves reproducibility of test results after passing through different temperature conditions. For spectrophotometric studies, experiments were performed at room temperature (25°) and cold temperature of 18°. For HPLC studies, experiments were carried out by varying the flow rate, run time and detection wavelength [8] . The detection of lowest concentration of analyte in the sample defines lower limit of detection (LOD) and the upper concentration of sample that can be quantitatively determined defines upper limit of quantification (LOQ) and is calculated in accordance to the guidelines [9] . Samples evaluated for repeatability and reproducibility studies were preserved for 3 mo at accelerated temperature conditions (45°/ 75 % RH) and analysed for percent drug degradation against nominal concentration range [5] . Ten tablets (marketed product) were accurately weighed and uniformly crushed and passed through sieve no. 21 to obtain a fine powder. The powder equally proportionate to 100 mg was dissolved in 10 ml of acetonitrile and sonicated for 15 min. The solution obtained was filtered using 0.22 µm filter membrane (Millipore, India) and active drug was quantified in both UV and HPLC methods.
Statistical analysis:
A statistical procedure was carried out to find statistical difference among these developed methods. The statistical tests, i.e. analysis of variance (ANOVA) and paired t-test were applied to statistically compare these two analytical methods at 95 % confidence interval level (p<0.05).
RESULTS AND DISCUSSION
The development of a spectrophotometric method for routine analysis of drugs with precise determination reduces tedious sample preparation and is cost effective [9] . Following Beer Lambert's law, CFZ with specific chromophore ( fig. 1 ) allows detection at a specific wavelength [10] . The working standard scanned at wavelength of 200-600 nm presented with characteristic absorption spectra at λ max of 290 nm. The specified concentrations were prepared from working standard and the entire method was validated for its accuracy, precision, linearity, robustness, ruggedness as per ICH guidelines specified in the ICHQ2R1 [5] .
The liquid chromatographic method was developed and optimized in order to provide reproducibility and specificity. The selection criterion for mobile phase was based upon their polarity [8, 9] . Since, CFZ is quite lipophilic and non-polar in nature [10] . (Log P>4.16), the mobile phase was modified with two different solvent systems (acetonitrile and ortho-phosphoric acid) and optimized ratio was evaluated on the basis of peak symmetry, peak purity and run time. The uniformity in flow rate is quite crucial as the longitudinal broadening is inversely proportional to the flow rate of mobile phase system [9, 10] . Too high or low flow rate affects the Gaussian peak and may cause defects in the overall peak symmetry [11, 12] . The optimized ratio of mobile phase was found to be 50:50 % v/v, which showed uniform peak symmetry at a flow rate of 0.9 ml/min ( fig. 2) . At this ratio, the retention time (R T ) of eluted CFZ in standard stock solution was found to be 4.732 min with no interference that permits rapid determination of drug in analytical media. Fig. 3 showed typical chromatograms obtained from serial dilutions of the standard stock solution of CFZ.
Linear correlation was observed in both spectrophotometric (concentration range: 5-50 µg/ml) and HPLC method (concentration range: 2-40 µg/ml) Beer's law was well fitted in the developed linear concentrations in both analysis [13] . The regression coefficient and Eqn. were found to be 0.9955, Y = 0.0162x+0.0089 and 0.9971, Y = 11477x+32441, for UV and HPLC methods, respectively. Furthermore, detection limit depends upon instrument sensitivity as low detection limits give high sensitivity. The LOD/ LOQ in both analysis were found to be 0.00945, 2.8638 µg/ml (UV) and 0.00078, 0.0280 µg/ml (HPLC). The results concluded that developed method was linear according to least square method of analysis. The % RSD values for both spectrophotometric and HPLC analysis was observed to be less than 2, indicating uniform reproducibility and statistically significant in different replicates of test concentrations. A negligible variation in interday (repeatability) and intraday (reproducibility) (Table 1) . Accuracy results displayed good reproducibility with % RSD values below 2. This was found to be accurate as percent recovery observed was high i.e. within the range of 99.305-100.375 % (spectrophotometric analysis) and 98.258-100.963 % (HPLC analysis, Table 2 ), suggesting that the proposed method showed good agreement between the standard and the observed values and demonstrate an adequate accuracy within the specified limits [14] .
No major difference in % RSD was observed between analysts, instruments and environmental conditions in both spectrophotometric and HPLC analysis ( Table 3 ), suggesting that the developed methods (UV and HPLC) are rugged in nature. Experimental findings from spectrophotometric analysis revealed that there was no effect of % RSD on different temperature conditions. Furthermore; in HPLC analysis, no significant difference in % RSD was observed by slightly changing the flow rate, run time and detection (Table 4 ). The minuscule drug degradation was detected very precisely by both UV and HPLC methods as percent amount recovered was within the acceptable range (90-110 %), indicating that samples were stable for over 3 mo period of time (Table 5 ). Previous reports also indicated that CFZ was most stable under different stress conditions like oxidation, thermal hydrolysis and photolytic exposure with negligible degradation [15] .
Furthermore, no new drug peak emerged in analysis of bulk drug after storage at high temperature and humidity, which confirms the stability indicating property of the proposed method. The analysis of standard drug in marketed tablets showed acceptable content in both UV and HPLC analysis (92.362 and 96.484 %, respectively) with a % RSD of less than 2 (Table 6 ). Thus, both UV and HPLC methods justified good agreement with the analysis of labelled claim for the tablets and were endorsed for rapid determination of CFZ in routine analysis [16] . Furthermore, the p-value for marketed product was greater than that from standard degree of freedom, implying that there is negligible difference in drug assay in both UV and HPLC methods, thus both methods were considered as statistically insignificant. Table 7 enlists the summary of all the parameters that were analysed by both 
